and workers who were exposed to chemical materials [2] [3] [4] . The chemicals which were reported to affect the sex ratio of offspring include dioxin, dibromochloropropane, organochlorine pesticides and waste anesthetic gases.
In Japan, altered sex ratio of offspring has been reported in neither inhabitants nor workers. This prompted us to examine the sex ratio of offspring of chemical industry workers in Japan.
Materials and Methods
We examined the offspring of all male workers who were engaged in making plastic products and the recovery of dicyclopentadiene in one company from 1980 to 1997. Fifteen male workers, aged 36.1 ± 7.3 years, had 24 offspring during this period.
They had been engaged in the same work since joining a company. Although there had been changes in the amount of epoxy resin, dicyclopentadiene and cyclopentadiene used in their work, they used the same chemical materials throughout the observation period. Measures to protect the working environment such as use of local exhaust devices had been implemented throughout.
In individual interviews, we investigated the sex of offspring, birth year, paternal age at birth of offspring, paternal age at joining the company and working period until the birth of offspring.
This study was carried out in March 1998.
Results
The sex of offspring, birth year, paternal age at birth of offspring, paternal age at joining the company and working period until the birth of offspring are shown in the table. The average age at joining the company was 19.3 ± 1.1 yr (ranging from 19 to 22 yr), and the average working period until the birth of offspring was 9.5 ± 3.7 yr. Considering that the sex ratio of live births in Japan was 0.514 in 1980 5) , there was a statistically significant excess of female births (6 males and 18 females, binomial test; p<0.01) among the workers.
There was, however, no significant relationship between the sex ratio and birth year, paternal age at the birth of offspring, paternal age when joining the company or the working period until the birth of offspring.
In this study, neither congenital deformity nor disease was reported.
Discussion
The effect of chemical materials on the sex ratio of offspring has been reported. After exposure of inhabitants to dioxin in Seveso, Italy, there was an excess of female newborns in the years from 1977 to 1984 (24 males vs. 48 females) 1) . Male newborns were not observed in any inhabitants who were exposed to high level of dioxin.
Potashnik 2) reported that a significant reduction in the sex ratio of offspring was observed in male workers who were exposed to dibromochloropropane (24 males vs. 44 females). In addition, a marked reduction in the sex ratio was observed in oligozoospermic fathers (2 males vs. 10 females). They suggested that an altered sex ratio m i g h t be a reflection of the early effect of dibromochloropropane on male reproductive performance before a state of severe testicular dysfunction and infertility is reached.
de Cock 3) reported that a reduction in the sex ratio of offspring was observed in fruit growers who were exposed to organochlorine pesticide in the years from 1987 to 1990 (7 males vs. 14 females, borderline significance, p=0.08). But no significant reduction in the sex ratio was observed in the years from 1978 to 1986. Wyatt 4) reported that a significant reduction in the sex ratio of offspring was observed in male anesthetists (68 males vs. 89 females).
Milham 6) investigated aluminum workers and observed a reduction in the sex ratio of offspring in carbon setters (53 males vs. 86 females), and suggested that possible causes were exposure to heat, inhaled air pollutants and strong magnetic fields.
The workers in this study were exposed to various chemical materials which were dicyclopentadiene, cyclopentadiene, epoxy resin and raw materials such as bisphenol A and epichlorohydrin. In addition, the workers were exposed to heat.
It was reported that epichlorohydrin reduces sperm motion and fertility 7) , and that bisphenol A exerts estrogenic activity in rats 8) . But no effect of dicyclopentadiene, cyclopentadiene, bisphenol A or epichlorohydrin on the sex ratio has been pointed out.
The mechanism underlying the altered sex ratio of offspring remains to be elucidated, but, our results suggest the possibility that exposure to chemical materials may have affected the sex ratio of offspring in the workers in this study, although it is not clear which chemical material(s) is/are responsible. In addition, the effect of exposure to heat cannot be neglected.
It should be emphasized that further investigation to clarify the effect of these chemical materials on the sex ratio of offspring is needed. 1  male  1980  A  29  1970  10  2  male  1980  B  28  1971  9  3  female  1981  C  32  1968  13  4  female  1981  D  32  1968  13  5  male  1981  A  30  1970  11  6  female  1983  C  34  1968  15  7  female  1985  A  34  1970  15  8  female  1985  B  33  1971  14  9  female  1986  E  25  1980  6  10  female  1987  F  25  1981  6  11  male  1987  G  24  1985  2  12  female  1988  H  25  1982  6  13  female  1988  E  27  1980  8  14  female  1991  G  28  1985  6  15  female  1992  H  29  1982  10  16  female  1992  F  30  1981  11  17  female  1993  I  24  1987  6  18  male  1993  J  27  1985  8  19  female  1994  K  27  1986  8  20  female  1994  L  22  1990  4  21  male  1994  K  27  1986  8  22  female  1995  M  32  1982  13  23  female  1997  N  32  1986  11  24  female  1997  O  36  1982  15 
